Abstract Inflammation is indispensable for host defense, whereas excessive inflammation often develop inflammatory diseases. Autophagy is thought to be engaged in many extracellular stress responses, such as starvation and innate immunity. Thus, autophagy plays an important role in maintaining homeostasis. The purpose of this study was to elucidate the function of BRF1 in the regulation of inflammation and autophagy response in macrophages. We found that BRF1 inhibited the LPS-induced inflammatory factors expression and the autophagy flux in macrophage. Furthermore, inhibition autophagy with 3-MA can attenuate the suppressive effect of BRF1 on LPS-mediated inflammation. In addition, MAPK/ERK signaling pathway was involved in the BRF1 inhibition inflammation and autophagy in macrophages. These findings indicate that BRF1 attenuates LPS-induced inflammatory factors secretion through autophagy, at least in part, through MAPK/ERK signaling pathway.
Introduction
Butyrate response factor1(BRF1) belongs to RNA-binding proteins of the ZFP36 family (TTP, BRF-1/BRF-2) which have a highly conserved CCCH tandem zinc-finger (Znfinger) motif and are best known for mRNA decay through binding to AU-rich elements in the 3 0 untranslated region. 1,2 BRF1, as a circadian gene, 3 was also reported to bind ARE-mRNAs to processing bodies (PBs) or cytoplasmic assemblies of mRNAs which promote translational silencing. 4 Meanwhile, the p38 MAPK/MAPK-activated protein kinase 2 (MK2) and PKB/AKT pathways was confirmed to inhibit its ARE-binding activity of BRF1 through phosphorylation and binding to 14-3-3 5, 6 . Furthermore, it has been shown that BRF-1 can promote the carcinoma cell death and prevent an evolutionarily conserved posttranscriptional regulation from promoting transition into the S phase of the cell cycle. BRF1 also played an crucial role in PTH-dependent bone remodeling and deletion of BRF1 is lethal at embryonic day 11 7, 8 . Most importantly, BRF1 was participated in the immune system regulation. 9 Autophagy is concerned as a principal catabolic Pathway for cellular homeostasis through engulfing cytoplasmic components and subsequently fusing with lysosomes to degrade them, 10 which also plays a part in degrading and recycling long-lived proteins and organelles. It is thought to be engaged in many extracellular stress responses, such as starvation and innate immunity, SQSTM1(p62) can binds inflammasome subunit ASC to suppress inflammation. 11 Moreover, the autophagosome can engulfs IL-1b in a same way for degradation, whereas deficiency of autophagy lead to inflammasome hyperactive. 12 Inflammasome, a cytosolic protein complex, plays an essential role in immune responses and inflammation, such as NLRP3(NOD-like receptor protein3) inflammasome which keeps IL-1b and IL-18 expressions and subsequent inflammation in check. It is considered to be the most clinically implicated inflammasome. 13, 14 Inflammation is indispensable for immune defense, excessive inflammation develop inflammatory diseases. 15 So, intensive monitoring of the innate immune system is necessary. It has been reported that LPS-induced SQSTM1 can recruitment of NLRP3 inflammasome to autophagosomes for degradation. 16e18 Given the important role that ZFP36 proteins play in the regulation of inflammation. 19 In this study, we examined whether BRF1, an important molecule in the ZFP36 family, influenced the inflammation is associated with autophagy; which signaling pathway is involved in this process. Importantly, the data presented here clarified that BRF1 attenuated LPS-induced inflammation through autophagy, and ERK signaling pathway.
Materials and methods

Cell culture
RAW264.7 cells were a gift with Prof. Chuanju Liu, New York University School of Medicine, New York, USA. Then cultured in DMEM with 10% FBS. 20 Incubated in standard incubator for 12 h Before stimulation, resuspended cells in a 60 mm tissue culture dish or seed the cells on sterile glass coverslips, then incubated in 37 C with 5% CO 2 , And the cells were also viewed by their typical morphology of cobblestone under a microscope before treatment. 
Adenovirus and plasmid
RNA extraction and real-time PCR
The RNeasy Mini Kit (Qiagen, Hilden, Germany) and the PrimeScript RT reagent Kit with gDNA Eraser (TARAKA) was used to isolate and reverse transcribe total mRNA of RAW264.7 macrophages. 21 And RT-QPCR was performed. The specific primer sequences were designed as follows: TNFa: Forward 5-CCTGTAGCCCACGTCG TAG-3 and forward 5-GACCACCACCCTCGTGTCT-3 and reverse 5-GG TGCCCACTGCCTTTCT-3. The Real-Time PCR system was used and the data were normalized with GAPDH according to the 2 eDDCt relative quantitation method in the manufacturer's manual. 21 Western blot analysis and antibodies Lysis buffer containing PMSF was used to extract protein from the cells. Proteins was transformed to PVDF membrane by separation and transmembrane. 5% nonfat dry milk was used to reduce it nonspecific binding and primary antibodies was incubated overnight at 4 C: Anti-SQSTM1 (p62), anti-caspase-12, anti-caspase-3, anti-ATG12, anti-BRF1, anti-ATG7, anti-b-actin, anti-ERK1/2, anti-p-ERK1/2 were bought from CST corresponding secondary antibody was incubated for 2 h at 25 C 22 . Then proteins were visualized by film exposure or ECL.
Immunofluorescence
Cells were fixed and permeabilized for 30 min at room temperature separately with 4% PF and 0.1% Triton X-100. 
Flow cytometry (FCM)
Following incubation with Ad-BRF1/GFP or LPS þ Ad-BRF1/ GFP, cells were then collected for FCM analysis. Cellular apoptotic rate was detected by flow cytometer. The experiments were performed in triplicate.
Statistical analysis
After 3 independent experiments, GraphPad Prism 5 software (GraphPad) was used to analysis the data. Student's ttest was used and P < 0.05 was considered statistically significant.
Results
LPS induced inflammation and autophagy in doseand time-dependence in RAW264.7 cells
Lipopolysaccharide (LPS) has been recognized as a crucial inducer of inflammation, most of proinflammatory cytokines can be induced after treated with LPS in macrophages. To test the effect of LPS on inflammatory factors, we performed different concentrations (0, 10, 100, 500 ng/ mL) of LPS in RAW264.7 for 24 h, mRNA level was measured by real-time PCR. As show in Fig. 1A and B, the expression of interleukin6 (IL6), TNFa, NOS2 and COX2 were significantly increased in a dose-dependent manner comparing with control. Meanwhile, numerous studies have confirmed that LPS can increased autophagy through TRIF-dependent MyD88-independent TLR4 signaling and PI3K pathway as well. Then we conducted LPS (500 ng/mL) to RAW264.7 in a time-dependent manner (0, 6, 12, 18, 24 h) to verify whether the ratio of LC3/b-actin was increased, western blot as show in Fig. 1C and D represented that the expression of LC3A/B was enhanced obviously at 24 h. Surprisingly, the expression of BRF1 was highest at 6 h ( Fig. 1C and E).
BRF1 decreased autophagy in RAW264.7 cells
Lots of studies showed that PI3K/AKT pathway plays an important roles in ARE-binding activity of BRF1 which promoting mRNA decay by binding to ARE domains. 5 Meanwhile, PI3K/AKT exerts great effects on activation of autophagy. To further study the relationship between BRF1 and autophagy. We detected the expression of BRF1 after infected with Ad-BRF1 in RAW264.7 for 24 h. The mRNA level of BRF1 was markedly increased compared with Ad-GFP by qPCR ( Fig. 2A) . We next examined whether BRF1 influenced the autophagy. As show in Fig. 2B , the ratio of LC3B/b-actin was decreased after Ad-BRF1 infection for 24 h, while the SQSTM1/P62 abundance was increased. Besides, the mRNA level of ATG7 and Beclin1 were declined significantly compared with the control (Fig. 2CeF) . Furthermore, it was demonstrated that incubating Ad-BRF1 and Rapamycin (50 nmoL/ml) reduced the expression of LC3 comparing with the presence of Ad-GFP and Rapamycin by the technique of immunofluorescence (Fig. 2G ).
BRF1 depressed LPS-induced autophagy in RAW264.7 cells
Previous studies have shown that LPS could activate autophagy in a time-dependent manner. Moreover, BRF1 was recognized as an anti-inflammatory factors. 9 Next, we examined whether BRF1 can suppress autophagy induced by LPS in RAW264.7. Firstly, we detected the expression of autophagy-related protein, the ratio of LC3/b-actin was decreased, and the expression of ATG12-ATG5 and ATG7 were reduced after pretreated with Ad-BRF1þLPS (500 ng/ ml) for 24 h (Fig. 3A,B,D,E) . Conversely, P62(SQSTM1) which situated on the downstream of autophagy flux was increased compared with those infected with LPS and Ad-GFP in RAW264.7 ( Fig. 3A and C) . Furthermore, it was demonstrated that the incubation of pcDNA3.1 (À)-BRF1þLPS can significantly decrease the autophagosome formation comparing with the LPS and pcDNA3.1 (À) treatment with confocal microscopic images. Meanwhile, pcDNA3.1 (À)-BRF1þLPS can reduce the autophagy flux, according to the colocalization LC3 with lysosomal membrance protein LAMP1 (Fig. 3F) . Those results indicated that BRF1 could decrease LPS-induced autophagy in RAW264.7.
BRF1 inhibited LPS-induced inflammation and apoptosis
Then we examined the effect of BRF1 upon inflammatory activation. RAW264.7 macrophages were incubated with LPS alone or Ad-BRF1þ LPS respectively for 24 h, As shown in Fig. 4AeD , LPS enhanced the mRNA levels of interleukin6 (IL-6) interleukin1b(IL-1b), nitric oxide synthase2(NOS2) and cyclo-oxygenase2 (COX2). And BRF1 could significantly reduce the expression of IL-6, IL-1b, NOS2 and COX2, the LPS-induced inflammatory factors in RAW264.7. It is known that apoptosis coupled with autophagy was served as an essential character to maintain the cellular homeostasis. We also detected the apoptosis rate of macrophages after incubated with Ad-BRF1 or LPS þ Ad-BRF1. It is showed that BRF1 inhibits not only the expression of caspase3 and caspase12 but also the expression of LPS-induced caspase3 and Cells were incubated with Ad-BRF1/Ad-GFP and LPS for 24 h in 24-wells dish, followed with 50 nmol/ml of autophagy activator Rapamycine for 3 h. Next, it was stained by LC3 (red) and DAPI (blue) and performed by confocal microscopy (400x).
caspase12 comparing with their controls (Fig. 4EeH) . FCM results also showed that BRF1 reduced the ratio of apoptosis with or without LPS in RAW264.7 ( Fig. 4I and J) . Taken together, BRF1 alleviates LPS-induced inflammation and cellular apoptosis rate.
BRF1 inhibits inflammation through autophagy in RAW264.7 cells
3-MA is an inhibitor of phosphoinositide 3-kinase (PI3K) signaling pathway that blocks formation of autophagolysosomes and degradation of proteins. To further demonstrate whether BRF1 inhibition inflammation is associated with autophagy, we performed macrophages with 3-MA (5 mM) for 3 h in the presence of Ad-BRF1 or LPS (500 ng/mL). As shown in Fig. 5AeC , the proteins level of LC3 and ATG7 were reduced in Ad-BRF1 infected RAW264.7 cells, while increased clearly after incubated with Ad-BRF1þ3-MA, suggesting that the effect of BRF1 inhibition autophagy can be abolished after treatment with 3-MA. Then we detected whether LPS-induced inflammatory factors can be changed by BRF1þ3-MA, Q-PCR showed that the endogenous expression of IL6, NOS2 and COX2 were reversed after incubated with Ad-BRF1þ3-MA comparing with Ad-BRF1 alone (Fig. 5DeF) . It is demonstrated that BRF1 inhibits inflammation through autophagy.
BRF1 influences inflammation and autophagy through ERK signal pathway
Later, we searched for signaling pathway that participated in this process. As LPS stimulated TLR4 can activate MAPK/ ERK pathway and FGF/ERK MAP kinase signaling can regulate the expression of BRF1 6, 23 . To further demonstrate whether BRF1 inhibition autophagy is associated with ERK signal pathway, we firstly performed macrophages with 3-MA (5 mM) for 3 h in the presence of Ad-BRF1 or LPS (500 ng/mL). As displayed in Fig. 6AeB, BRF1 inhibited ERK signal pathway, while the ratio of p-ERK1/2/ERK1/2 was increased after incubated with Ad-BRF1þ3-MA comparing with Ad-BRF1. These results indicated that MAPK/ERK signaling pathway may be involved in autophagy in RAW264.7 cells. Then we used U0126 as an specific inhibitor of ERK to test whether BRF1 reduction inflammation was through ERK signaling pathway. Macrophages were incubated with the U0126 (5uM) for 2 h or Ad-BRF1 for 24 h in the presence of LPS. As revealed in Fig. 6CeF , it was showed that U0126 obviously reduced the phosphorylation of ERK and BRF1 promotes this phosphorylation process furtherly, however, U0126 can not obviously influence the BRF1 inhibition effect on autophagy. We next determined that the endogenous expression of IL6, NOS2 and COX2 were increased significantly after co-incubating Ad-BRF1 and U0126 compared with Ad-BRF1 alone in the presence of LPS. BRF1 inhibited the expression of IL6, NOS2 and COX2, however, U0126, 3-MA and U0126þ3-MA can reverse this inhibition. Endogenous expression of IL6, NOS2 and COX2 were reversed after incubated with Ad-BRF1þ U0126, Ad-BRF1þ3-MA or Ad-BRF1þU0126þ3-MA (Fig. 6GeI) . Taken together, BRF1 inhibits autophagy and inflammation through ERK signaling pathway.
Discussion
The ZFP36 family have been considered as key role in regulation of ARE-mediated decay. One of the member of TIS11 family TTP has already been recognized as an antiinflammatory factors because of its destabilizing proinflammatory cytokines, such as TNFa and GM-CSF. 8 At present studies, BRF1 has been reported to bind to FXR which promoted lipid absorption. 24 Moreover, BRF1 was also proved to destabilize LDLR mRNA which could inhibited by ERK/RSK1 signaling through phosphorylation of BRF1. 25 However, whether BRF1 has the same effects on inflammatory as TTP remains unknown. In our present study, we found that BRF1 could suppress the secretion of IL6, NOS2 and COX2 induced by RAW264.7 cells. Meanwhile, BRF1 decreased autophagy and apoptosis at the same time. Here, we further investigated the potential mechanism of BRF1 in the control of inflammation and autophagy.
The innate immune system is served as a protective system to host after infection by Pathogens, which can form an inflammasome and recognize pathogen-associated molecular patterns. But once beyond of control, it will cause serious tissue damage and inflammatory diseases. Thus, activation of inflammasomes is often followed by autophagy which act as intracellular degradation systems. SQSTM1 was reported to target ASC and result in inactivation. 12 Our study showed that LPS induced autophagy and inflammation in a time gradient in RAW264.7 macrophages, which was confirmed by increasing the expression of LC3 and inflammatory factors (Fig. 1) .
Autophagy can destroy and recycle long-living proteins and damage organelles to protect cell from dead. The process of autophagy activation could be divided into four stages: formation, elongation, maturation and degradation. Once ULK1 (mammalian ATG1) was activated which phosphorylated by mechanistic target of rapamycin complex 1 (mTORC1), beclin-1 (mammalian ATG6) will be phosphorylated and released from an inhibitory interaction with BCL-2 to activate the class III PI3K (PI3KC3) complex1, then activate the formation of autophagosome. 26 Rapamycin, as an important inhibitor of mTOR, suppresses the SASP by specifically down-regulating MAPKAPK2 translation which can phosphorylates and inhibits BRF1, and BRF1 was proved to prevent SASP induction which could activate the immune system. 27 Thus there has large possibility that mTOR inhibition prevented SASP from activation correlated to the dephosphorylation of BRF1. As downstream of mTOR pathway factor, overexpression of BRF1 may activate mTOR pathway so that decrease the formation of autophagosome.
Herein, we testified BRF1 inhibits autophagy and LPSinduced autophagy, as revealed by decreasing expressions of LC3B, ATG7, ATG5-ATG12 and autophagy flux reduction (Figs. 2 and 3) . Meanwhile, PKB as a downstream target of PI3-K could efficiently stabilized ARE-containing reporter transcripts. Recent studies showed that BRF1 was the potential target which was phosphorylated by PKB at serine 92 (S92). S92 phosphorylation of BRF1 was induced complex formation with the scaffold protein 14-3-3 rather than impair ARE binding. 10 In our study, we found that BRF1 inhibits LPSinduced inflammation and cell apoptosis (Fig. 4) . The effect of inflammation reduced by BRF1 was enhanced in the presence of 3-MA, an inhibitor of autophagy. We further proved that the effect of BRF1 on inflammation is required for autophagy (Fig. 5) . Bourcier et al pointed that TTP could decreased autophagy and it was phosphorylated by ERK. In this study, we found that MAPK/ERK signaling pathway may be involved in autophagy in RAW264.7 cells. BRF1 inhibits autophagy and inflammation through ERK Signaling. Interestingly, co-suppression of ERK and autophagy can reverse the effect of BRF1 on inflammation (Fig. 6) .
In a word, this study offers novel insight into the function of BRF1 in regulating inflammation and autophagy. Our study supports the notion that overexpression of BRF1, a key RNA-binding protein of the ZFP36 family, inhibits LPSinduced inflammation and autophagy. The inhibition effect of BRF1 on inflammation depends on autophagy and crosstalking with ERK Signaling. Our study implies that BRF1 is a reverse regulator of inflammation and autophagy, and the interaction mechanism between inflammation and autophagy remains further study. Our subsequent work aims to understand the complexities of this interaction. In addition, this study also provides potential molecular targets for a variety of inflammatory conditions. New insight into the mechanistic basis of inflammation and autophagy will provide new perspective of molecular targeted therapies.
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